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CHEMISTRY 318
IR, MS, UV, NMR SPECTROSCOPY PROBLEM SET

General Instructions for the 318 Spectroscopy Problem Set
Consult the Lab Manual, the lab textbook by Pagtad., and the following discussion to help you with the analyses.

In the Lab Manual section, Spectroscopy I, there is a section titled "UskiliggObatabases to Help Solve Organic

Chemistry Spectroscopy Problems". You should review it so you can tisgeaources to help you analyze some of the

problem spectra and as a source for literature spectra. The NMR example below is a continuation of the example begun in the
section referred to above. The GMU Organic Chemistry web page has links to the databases
(http://classweb.gmu.edu/chemlpb/

Short example:

Suppose you also have tH¢-NMR for this
compound.

If you give it even the briefest of examinations,
you have confirmation of the presence of an
aromatic ring (how?) and the absence of
saturated alkyl groups (where would they appear
in the NMR?). The Spectroscopic Tools Wizard
(http://www.chem.uni
potsdam.de/tools/index.htjnivould be vey
“v useful in helping you determine the molecular
J. environment of the hydrogens betwee8 ppm.
Going back to the substructure search form at
L L | T T | NIST (http://webbook.nist.gov/chemistjylou
: ! ' ' could require th@resence of a benzene ring and
the exclusion of simple alkyl groups. The return

hit list is very short for the molecular weight of this unknown.

Instructions. EachCombined Spectra Problemcontains some combination of the following information: IR spme (with

list of absorption frequencies), NMEBH- and/or*3C-) spectrum, mass spectrum or molecular ion peak, major UV peak,
element % mass. On each IR and NMR spectrum, neatly label the major absorption peaks with the structural fragment that
causes th absorption. Use the space near each problem for additional calculations, notes, and the answer. DO NOT use the
problem area for scratch workOUR INSTRUCTOR MAY GIVE YOU ADDITIONAL INSTRUCTIONS.

For 3 of the problems, attach a copy of a published mederBIMR spectrum (either from an-bne or hard copy source)

with all the major absorption peaks clearly marked. Give a proper citation to the source of the spectrum. See these GMU web
pages for information on markingt{p://classweb.gmu.edu/chemlab/speark.htn) and citing
(http://classweb.gmu.edu/chemlab/citation2 h&pectra.



http://classweb.gmu.edu/chemlab/
http://www.chem.uni-potsdam.de/tools/index.html
http://www.chem.uni-potsdam.de/tools/index.html
http://webbook.nist.gov/chemistry/
http://classweb.gmu.edu/chemlab/spec-mark.htm
http://classweb.gmu.edu/chemlab/citation2.htm

l.
1.) In the C®-NMR spectrum of the molecule shn, 128.9
: , : Cl
approximately what chemical shift value do you expect
for the carbon indicated B What chemical shift
values do you expect for each of the other carbons? ?
129.9

2.) For theo-, m, p- hydrogens in chlorobenzene, what are the chemical shift values i-NMR
spectrum?

3.) Match the €-NMR chemical shift values on the right with the lettered carbon atoms on the left.

@)

[l
CH3-CH>-C—O—CH>—CH>—CH3 689 227 264
a b c

4.) Draw a picture showing the"HIMR splitting patterns for each alkyl group in the structure above.

5.) How manydifferent resonance peaks would you expect to find in thBIMR spectrum of each of
the following compounds? Justify your answer. Ignore-spin splitting.Draw an expanded
structural formula for each compound.

a.) cyclopentane b.) ethyl methyl ether C.) propane



6.) How many resonance peaks should be observed in the hydtegenpled &-NMR spectrum of
each of the following compound&?aw an expanded structural formula for each comgou

a.) toluene b-tiplorobenzoic acid cprdpanol

7.) When the integral is measured for a multipletin&NHIR spectrum, the indiyv
each part of the multigt is ignored and the integral is measured over the entire multiplet. Thus the
total peak area is proportional to the number of hydrogens for that chemical shift. Measure the
integrals and state the relative number of hydrogens for the four sets ofényslinghe spectrum
shown.
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Il. Deduce a structure consistent with the spettiat.: Integrals are relative numbers.

1.) H-NMR only




Combined Spectra Poblems

For each set of spectoa the following pagesou should be able to deduce a unique molecular structure.
Once you have deduced a structure, it is advisable to confirm the identification by finding authentic
spectra in the literature or on thelwé is inadvisable to search for authentic spectra before you have
made a good faith effort to analyze the spectra you have been given; if you do not practice solving
problems of this type you will be unable to do so when confronted with similar probtequezzes and
exams.

For some of the problems, you are given the molecular formula and for others you are given the elemental
analysis from which you may calculate the molecular form@igou are given the elemental analysis, it is

in the form: %C% H, and where applicable, %N. In many cases, other elements (oxygen, halogen) are
also present. The number of atoms, n, of a particular element X (C, H, N, etc.) in a compound can be
obtained from the analysis data using the equation

o (%X) * (RMM of compound
T 100% (RAM of X)

Therelative molecular mas®|RMM) of each compound in the set is given byittie value of the
molecular ion, M, in the mass spectrum. RAM is tredative atomic mas®f each elementq=12.00,
H=1.00, etc).

Once the number of each of the elements G\ Has been calculated, the other elements present can be
deduced from a comparison of the RMM of the compound with the partial mass based on C, H, and N
alone.

Once the molecular formula of a compound is known, the following equation can be usedlabectie
number of "units of unsaturatiofdr "units of hydrogen deficiency” or "double bond equivalgriti), in
the molecule

Uu = 1/2(2[14 + N3-N1 + 2)
Where n4 = the number of tetravalent atoms present
ns = the number of trivalent atoms present
ni1 = the number of monovalent ions present
In addition to the analysis data, you are given the IR spectrum, the proton nmr spectruis3 tharC
spectrum and the mass spectrum. For each problem, show the steps you followed in deducing the unique
moleaular structure that is your answer.

Your instructor might give you additional procedures to follow.



1. C,82.1; H, 6.0; N, 12.0%
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